Abstract
Introduction

1
The impact of a raindrop is an important first step toward soil loss and subsequent 2 sediment transport [e.g., Ellison, 1944] . Many studies have proposed the use of the 3 kinetic energy of rainfall as an indicator of rainfall erosivity [e.g., Mihara, 1951; 4 Brandt, 1990; Morgan et al., 1998; Kinnel, 2005] . The forest canopy can modify the 5 amount of rainfall and kinetic energy that reaches the ground surface by altering two 6 main factors [Wainwright et al., 1999] : raindrop characteristics and interception. 7 Throughfall consists of three drop components: free throughfall, drips, and splash 8 water droplets [Nanko et al., 2006] . Compared to open rainfall, throughfall drops are 9 larger in size because of the dripping effect [Chapman, 1948; Nanko et al., 2004] and 10 generally have lower velocity because they have a shorter fall height [Laws, 1941;  11 Wang and Pruppacher, 1977; Zhou et al., 2002] . However, in mature forests, 12 throughfall drips may have sufficient fall heights to reach terminal velocity and greater 13 kinetic energy compared to open rainfall [Chapman, 1948 [Staelens et al., 2006] and that throughfall variability decreases 3 with increases in the rainfall amount [Bouten et al., 1992] . Therefore, the process of 4 throughfall generation may vary by the degree of canopy saturation. The effects of 5 canopy factors on the amount of throughfall and characteristics of raindrops can only 6 be estimated by excluding the effects of varying meteorological factors. 7 In this study, we conducted indoor experiments using a 9.8-m-tall stand of into four quarters that can be sprinkled separately. 5 
Applied Rainfall Event
6
Rainfall was applied with a rate of 39.8 mm h -1 for 15 min using the D1/4G-14W. 7 This rainfall had smaller drop sizes and kinetic energy than natural rainfall of the same 8 rate under field conditions. In the applied rainfall, the median volume diameter, D 50 , 9 and the maximum drop size were 1.10 and 2.66 mm, respectively. The applied rainfall 
Transplanted Tree
14
One Japanese cypress (Chamaecyparis obtusa) was transplanted in the simulator. 15 This tree was 21 years old, 9.8 m tall, and 22.6 cm in diameter at breast height (DBH). 16 Four types of canopy structure were created using staged branch pruning to estimate structure; rainfall for each event was applied more than 2 days after the previous 6 application. 7 Drop sizes and velocities were measured using four laser drop-sizing (LD) gauges 8 consisting of a paired laser transmitter and receiver, as described by Nanko et al. In this study, we did not use the data collected at Point-200. We mainly use mean 22 value among 24 points under each canopy structure. Individual measured data at each 23 point were shown as online auxiliary materials (Dataset 1 -6). throughfall amount without the two points under T4 was 9.3 mm.
12
To estimate the effect of canopy saturation on throughfall generation, two phases 13 were defined: the initial phase (0-5 min), when the canopy was moving toward 14 saturation, and the stable phase (10-15 min), when the canopy was saturated. 
Drop Size of Throughfall
16
Throughfall drops were larger in size than the applied raindrops. Drops with 17 diameters > 3 mm were considered to be generated by dripping because the applied 18 rainfall consisted of the drops with diameters of less than 2.66 mm.
19
The mean volume of throughfall drops, which is the volume of all drops with 20 diameter > 3 mm divided by the total throughfall drops, differed with canopy 21 thickness and canopy saturation ( Figure 3 and T4, respectively. While undergoing wetting, large spatial variability was found on 10 the ease of large drop generation. 
Drop Velocity of Throughfall
12
Few drops came close to reaching terminal velocity (Figure 4 ). During the stable 13 phase under all canopy structures, > 90% of the drops had < 95% terminal velocity. drops between the initial phase and the stable phase were 15, 10, 7, and 5% under T1, 10 T2, T3, and T4, respectively. During the initial phase, the lower canopy layers were 11 not saturated and thus the upper canopy layers allowed more drops to be generated 12 compared to the lower canopy layers. 
Drop Generation and Kinetic Energy of Throughfall
14
Canopy thickness affected the amount and drop generation of throughfall because 15 the canopy water storage and re-interception possibilities of the drops changed. A 16 thinner canopy like T4 requires less water to saturate the canopy and allows for a 17 higher volume proportion of large drops. In contrast, a thicker canopy like T1 requires 18 more water for canopy saturation, allowing a lower volume proportion of large drops. 19 As the canopy thickness increased, the possibility for re-interception by the lower 20 canopy layers increased, and the drops were splashed into fine droplets via impact 21 with the foliage of the lower canopy layers. Consequently, the drop volume proportion 22 decreased as the canopy thickness increased (Figure 3 ). 23 The experiments revealed that the kinetic energy of throughfall was greater than 24 that of the applied rainfall. Furthermore, thinner canopies generated greater kinetic 25 energy than thicker canopies and sufficiently saturated canopies generated greater 1 kinetic energy than canopies undergoing wetting. 
